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ABSTRACT
Forty CFH strain male hooded rats served as subjects in
a brightness stimulus generalization experiment.

Ten rats

served as operated controls, while 30 rats were divided
into three groups of 10 each, with each' group receiving
lesions of frontal pole cortex, anterior median cortex,
or caudate nucleus.

No group exhibited impaired performance

on either the original visual discrimination learning or
the generalization task.

The lack of differences among the

groups on original learning indicates that frontally-ablated
rats do not differ in the learning of initial discrimination
and supports previous studies in which there was no impair.ment in frontally lesioned subjects on discrimination
problems of similar design.

The absence. of impaired per-

formance on generalization learning indicates either that
/

frontal and caudate lesions have no effect on such learning
in rats or that more difficult generalization stimuli might
be required to significantly impair performance.

iii

~·
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INTRODUCTION
Previous research suggests that the nature

of defects

which follow frontal cortex lesions is uncertain.

In Old

World monkeys, there are a variety of functions which the
frontal lobe appears to affect.

Fronta-lly-ablated rhesus

monkeys have impaired retention on original postoperative
learning of a double alternation problem (Leary, Harlow,
Greenwood, and Settlage, 1952), while a loss in spatial
delayed-response performance has been noted in prefrontallyablated monkeys by a number of investigators (Finan, 1939;
Harlow, Davis, Settlage, and Meyer, 1952; Jacobsen, 1935;
Pribram, Mishkin, Rosvold, and Kaplan, 1952).
discrimination

lear~ing-set

Deficits in

performances in monkeys,

resulting from the ablation of the prefrontal cortex, have.
also been widely acknowledged (Brush, Mishkin, and
Rosvold, 1961; French, 1962; Harlow and Dagnon, 1943;
/

Mishkin, Prockop, and Rosvold, 1962; Riopelle and Churukian,
1958;· Warren and Harlow, 1952a, 1952b).

In addition,

Harlow and Dagnon (1943) found severe losses in prefrontally
lesioned monkeys on discrimination reversal learning, a
finding which has been replicated many times (Brush,
Mishkin, and Rosvold, 1961; Mishkin and Rosvold, unpublished;
Pribram and Mishkin, 1956; Settlage, Zable, and Harlow,
1948).

More recently, Fife and Kamback (1971) found deficits
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in prefrontally lesioned monkeys on stimulus equivalence
reactions.

Research by French (1959), French and Harlow

(1955), Isaac and DeVito (1958), and Pribram, Mishk.in,
Rosvold, and Kaplan (1952) suggests that prefrontally-ablated
rhesus monkeys are hyperactive or hyperreactive.
Interspecies comparisons of frontally lesioned animals,
however, have yielded diverse data.

Lesions in anatomically

homologous areas in cats and monkeys have not always resulted in behavioral homologies.

For example, hyperactivity has

not been exhibited in New World monkeys (Lashley, 1948;
Miles and Blomquist, 1960} or cats (Lawicka and Konorski,
1961).

Spaet and Harlow (1943) found that prefrontally-

ablated cats are more tolerant of frustration than normals
while normal rhesus monkeys are more tolerant of frustration
than prefrontally lesioned rhesus monkeys.

In agreement

with findings in Old World monkeys., however, Warren ( 1960) ,
for example, found cats to be impaired in discrimination
reversal learning, and Lawicka and Konorski (1961} found
/

deficits in cats in delayed-response performance.
Ablation of the frontal pole in rats (assumed to be
homologous to the prefrontal cortex in primates) has also
produced contradictions in results.

For example, findings

by Dabrowska (1964a, 1964b) and Parker (1967} have ·indicated that frontal pole-ablated rats exhibit deficits on
a spatial reversal learning task, while Lukaszewska (1970},
and Divac (1971} found no deficit on similar tasks.

Studies

of rats lesioned in the frontal pole as compared with rats

3

with

ant~rior

median cortex lesions were made by Albert

and Bignami (1968) and more recently by Divac (1971).
Although rats with frontal pole lesions were not consistently impaired on the tasks employed (two-way avoidance learning and spatial reversal), the rats with anterior

~edian

lesions consistently demonstrated significant impairment.
The perplexing function of the frontal cortex in rats
can possibly be explained on the basis of its

projections~

Rose and Woolsey (1948) suggested that since subprimates,
histologically-speaking, have either no prefrontal cortex
or perhaps a very reduced one, the definition of prefrontal
cortex should be based on those areas which receive projections from the nucleus medialis dorsalis (MD) of the
thalamus.

This nucleus projects to prefrontal cortex of

primates and is common to all mammals.

According to Clark

and Boggon (1933), Lashley (1_941), and Krieg (1947), the
area of the rat brain which receives projections from MD is
the frontal pole (FP); that is, the dorsal anterior surface
/

of the cortex.

More recently, however, Leonard (1969)

found that MD projects not to FP but to dorsal rhinal sulcus
cortex and to anterior median cortex, rostral to the genu
of the corpus callosum.

Work by Davison and Weber (1971)

and Hannon, Bader, and Lancaster (1973) supports the idea
that MD is also behaviorally homologous to prefrontal
cortex in primates.

Further research is indicated to

·examine more thoroughly the role of the rat frontal cortex

in behavior.

Rats lesioned in the caudate nucleus (CN), an area
known to receive projections from the dorsolateral -frontal
cortex in the monkey (Divac, Rosvold, and Szwarcbart, 1967)
have many deficits similar to pre£rontally le.sioned animals.
For example, caudate nucleus lesioned rats are .significantly.
impaired on a brightness discrimination reversal task as
compared with normals (Kirkby, 1969).

Similarly, Divac

(1971) and Hannon and Bader (197.4) found the most .severe

de:ficits on a spatial reversal task occurred with rats
~esioned

in the caudate nucleus as compared ·with frontal

pole or midline frontal cortically lesioned rats.

Persev-

eration, a common behavior of frontal animals regardless of
---species, was :found by Mi'kulas (1969) in caudectomized rats
who consistently turned to the unlit arm of a T-maze when
the task required a light-approach response.

Likewise,

·Winocur and Mills (1969) found their ca-udate qroup to be
impaired when required to inhibit a previously trained
approach response in a passive avoidance problem.
/

Further

research in the area of frontal functioning in rats should
profit from a closer look at the similarities that exist
between frontal and caudate functioning:
Since prefrontal cortex and CN lesions in the monkey
give similar behavioral deficits (Rosvold, 1968), it was
hypothesized that anterior median cortex and CN lesions in
the rat also give similar deficits.

That is, in the monkey,

MD projects to prefrontal cortex, which projects to CN.
Leonard (1969) reports that, in the rat, MD projects to
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anterior median cortex, which projects to CN.

FP is

apparently outside the region of MD connections.

(See

Fig. 1.)
The effects of frontal pole, anterior median, and
caudate nucleus lesions in rats were recently investigated
in a study by Hannon and Bader (1974).

The behaviors

that were considered in the study were hyperactivity and
hyperreactivity 1 visual discrimination, spatial discrimination reversal, and delayed-response.

Data in the area

of stimulus equivalence or generalization reactions would
provide another area of information in the determination
of the nature and scope of the effects of frontal cortex

,

lesions in rats.
Some data indicate that the ability of humans to
categorize in abstract terms is dependent upon the intact
frontal lobes (Chiappo, 1959; Goldstein, 1936: Goldstein
and Scheerer, 1941; Reitan, 1959).

Normal animals are

able to generalize along continua such as shape, size,
/

orientation, and color (Andrew and Harlow, 1948; Grandine
and Harlow, 1948; Harlow and Poch,

1945~

Zimmermann, 1962).

However, there is very little data for lesioned animals
in this area, and studies on the ability of primates with
various types of frontal lesions to make stimulus equivalence reactions have yielded diverse results.

Evarts

and Nissen (1953) found no deficits in prefrontally
.lesioned chimpanzees trained on a three-cue discrimination
problem and then tested with pairs of objects, each

6

MONKEY

Prefrontal Cortex

~

·®
/

RAT

Anterior

•

/

Fig. 1.

Diagram of Monkey and Rat Projections.

'··
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representing only one of the stimulus cues.

Some data

indicate, however, that non-human primates with dorsolateral
prefrontal ablations are deficient in their ability to
generalize stimuli along form, orientation, and size continua (Fife and Kamback, 1971).
The purpose of the present experiment was to compare
the behavioral consequences in rats of lesions ·of the
frontal pole area {FP), the anterior median cortex (AM)
described by Leonard, and the caudate nucleus {CN) on a
brightness stimulus generalization task.

It was hypothesized

that deficits in stimulus generalization learning would be
demonstrated by

ra~s

who received the AM and CN lesions,

and that no deficits would be shown by FP lesioned and
control · (C) animals.
•·

METHOD
Subjects.

The subjects were 40 CFH strain, male,

hooded rats, obtained from Blue Spruce Farms (Altamont,
New York), weighing approximately 300 grams at the time
/

of surgery.

They were randomly assigned to one of four

groups with 10 Ss per group.

They were housed individually

throughout the experiment and had free access to water at
all times.

All

~s

had been postoperatively subjected to

each of four conditions in a test for hyperactivity and
hyperreactivity to stimuli (Hannon and Bader, 1974).
After the activity study, the Ss which had previously been

.

+

.fed Purina rat chow ad lib., were stabilized at 85%- 5 grams,
of their original baseline weight and maintained at 85%
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\

througho~t the experiment.

During the experiment each S

was tested at approximately the same time each day and fed
one to two hours after testing.
Surgery.

Ss were operated under clean but not sterile

conditions after being anesthetized with ether.

Frontal

pole cortex (FP) lesions, anterior median cortex lesions
(AM), and caudate nucleus (CN) lesions were made with a
Kopf radio frequency lesion .maker.
·and AM lesions was 62°.
0

was 57 •

The temperature for FP

The temperature for the CN lesions

The stereotaxic coordinates for each of the types

of lesions (determined from bregma) are given in Table 1.
A sham-operated control (C) group was expo"sed to the same
surgical procedures as the experimental Ss· except for the
introduction of current in the electrode, using coordinates
for each of the three types of lesions for subgroups of

c.

All Ss had 8 weeks recovery period from surgery before
discrimination testing began.
/

Histology.

Ss were sacrificed with an overdose of

ether and perfused with saline and 10% formalin solutions.
Brains were removed and sectioned on a cryostat at 60
thickness.

Every lOth section through the lesions was

saved and stained with cresylechtviolet.
Apparatus.
Grice box.

Training was conducted in a modified

(See Fig. 2.)

All areas of the maze were

painted flat gray throughout.

The maze had an opaque gray

door and a transparent plexiglas door at the start box.

9

Table 1
Coordinates for Lesions
Anterior
FP

"

Posteriormiddle

Posteriorlateral

Anterior {from bregma}

.53

.39

.39

Lateral (from bregma}

.25

.25

.45

Depth from skull
(at point of entry}

.20

.20

.30

Middle

Posterior

Anterior

AM
Anterior {from bregma}

.ss

.30

Lateral (from bregma}

.08

.oa

.os
.oa

Depth from skull
(at point of entry)

.40

.30

.20

Anterior

CN

Posterior

.26

.16

Lateral (from bregma}

.25

.25

Depth from skull
{at point of entry}

.60

.60

Anterior (from bregma}
/

/

10
41.0 em •

•

5
10

•

0
N

9.0

cm.l

Stimulus

(

Stimulus

)

9.0 em.

~----plexiglas door
~-----·opaque door

•

8

/

Start
Box

10

•

0
N

(

)
14.1 em.
maze height = 15.4 em.

Fig. 2.

Apparatus for visual discrimination and generalization
learning.
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Within the maze was placed one of five pairs of stimuli
(see Fig. 2), with front surfaces 9.0 em. x 15.4 em.
Each stimulus consisted of a three-sided box.
of the boxes was the training stimulus.

One pair

The surfaces of

one box Of this pair were painted flat black, except for
the front surface which was covered with black Munsell
paper (density 9.5).

The surfaces of the other box were

painted flat white, except for the front surface which was
covered with white Munsell paper (density 1.75).

Four
~-·~--

pairs of generalization (G) stimulus boxes were painted
flat gray throughout, with the exception of the front
surface of each box which was covered with a shade of gray
Munsell paper.

The pairs of generalization stimuli were

matched according to the following densities:
Gl

=

G2

= 8.0

G3

=
=

G4
/

8.75 and 2.5
and 3.25

7.25 and 4.0
6.5 and 4.75

Since one member of each pair of generalization stimuli
was as far in brightness from the original positive stimulus of the training pair to the human observer as the other
.member was from the original negative stimulus of the training pair, they were both assumed to be equally novel.
Novelty effects, therefore, were not assumed to influence
responding.
Procedure.

Testing was done in a room with a homogeneous

visual background.

White noise was played throughout testing
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to mask extraneous sounds.
Prior to surgery, Ss were handled in an open field
maze for 3 min. a day for 10 days.

Noyes rat pellets

(45 mg.) were available in the maze.

During the 3 min.

handling period, the S was picked up every 15 sec. and
then placed back in the box near the food pellets.

Uneaten

pellets were returned with the S to the home cage.
Following the 2 weeks postoperative recovery period,
1 day of testing for activity, reduction to 85% baseline
body weight during a 45 day interval, and an additional 5
days of handling,

each~

black-positive or

~bite-positive,

was randomly selected for
with the restriction that

half the Ss in each group were assigned to each condition.
For the £irst 2 days of exposure to the modified Grice
box, an adaptation period occurred.

During thistime, on

the first day, S was given two adaptation trials.

Identi-

cal dishes, each containing 10 (45 mg.) Noyes .food pellets,
were available on either side of the maze.
/

~

was placed in

the start box of the maze facing the opaque door at the
start of each trial.
it was raised.

After S oriented to the opaque door,

Four sec. later the plexiglas door was

raised, allowing S to approach either side of the maze.
was allowed to explore the maze.

S

Eating the pellets on one

Side of the maze terminated the trial.

Failure to eat the

. pellets or leave the start box within a 3 min. period also
.terminated the trial for this and all subsequent tasks.

If

S ate on the first trialt he was forced on the second trial
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to the side on which he did not eat initially by blocking
off the originally chosen side.

This was done in an

attempt to prevent development of spatial preferences.

If

S did not eat, he was again allowed to enter either side
of the maze.

On the next day,

~was

given four adaptation

trials in the manner previously described.

Forced respond-

ing occurred whe·n necessary to equate approaches to both
sides of the maze.
Following adaptation to the maze, visual discrimination training occurred.

For the first 2 days of visual

discrimination training, S was given four training trials.
~

was placed in

th~

start box of the maze facing the opaque

door at the start of each trial.
door, the opaque door was raised.

After S oriented to the
Four sec. later the

plexiglas door was raised, allowing S to approach the goal.
After

~

left the start box, the doors were lowered.

A

correct trial was rewarded with 10 (45 mg.) Noyes rat
pellets.
/

.

The incorrect goal had a food dish similar to

that found in the correct-choice goal to equate odor cues,
but the food was unattainable due to wire covering the dish.
Correction trials (forced responding to the correct-choice
goal) occurred after every trial in which S approached the
incorrect-choice goal.

On the following 2 days, trials

were increased to six per day, followed by two days with
eight trials per day.
.all subsequent days.

Ten trials per day were given on
In both discrimination and general-

ization learning there was a 10-sec. intertrial interval.
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After reaching criterion (10 consecutive, correct
trials) on original learning, Ss were tested on generalization learning.

This occurred for 10 trials a day, 5

days a week, for a period of 12 days.

The training (T)

trials and generalization (G) trials were interspersed as
follows:

.T, T, T, G1 , T, G2 , T, G3 , T, G4 •

The training

stimuli were presented exactly as described during original
learning.

Left and right presentations of the positive

stimulus were randomly determined, with the restriction
being that half of the training trials for each day would
have the positive stimulus presented on the right side and
half on the left side.

Correction trials were utilized and

-...only the positive stimulus of the discrimination pair was
rewarded.
The order of the generalization stimuli was varied
randomly over the 12 days, with

th~

restrictions that each

pair occurred once a day and that each member of each pair
of generalization stimuli appeared on each side of the maze
/

equally often over the 12 generalization testing days.

Both

stimuli of the four pairs of generalization stimuli were
rewarded on half of the trials and neither stimulus was
rewarded on the other half of the trials.
generalization stimuli

we~e

Only two pairs of

rewarded on any particular day,

with the restriction that half of the presentations of the
positive stimulus of the generalization pair (the one most
like the positive stimulus of the training pair) occurring
on the right side would be rewarded and half of the
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presentations of the positive stimulus occurring on the left
side would be rewarded.

No correction trials were utilized

on the generalization stimuli, and left and right presentations of the positive stimuli were equalized for each day.
RESULTS
Anatomical.

The largest, average, and smallest of the

AM, FP, and CN lesions are shown in Fig. 3.

Each type of

lesion was placed in the intended location.

The AM lesions

exhibited some inhomogeneity in size, as did the FP lesions,
but each lesion destroyed the intended area of cortex.
There was some overlap between the lateral extent of the AM
lesion and the medial extent of the FP lesion.

Both the

FP and AM lesions caused slight damage to the corpus
callosum but no damage to the underlying caudate nucleus.
The CN lesions were markedly homogeneous in size and
intentionally smaller than the average FP or AM lesion.
Behavioral.

Mean errors to criterion for each lesion

group for the original postoperative visual discrimation did
/

not differ significantly among the four groups.

A split

plot factorial analysis of variance (SPF-4.4, Kirk, 1968)
with lesions groups as the between subjects variable and
four blocks of 3 days each as the within subjects variable
was performed on errors during training trials in generalization testing.
the groups.

There was no difference in errors among

Blocks of days was a significant factor,

indicating that all groups had fewer errors as a function of
time (F

= 8.04,

df

=

3/108, p

<

.OS).

The Groups X Blocks

---

-

-

--

-

---- -------

................~ .... ---~

.......

.... .""··-·'"

----

_.,. ___ , __

-·

,

... ~ ............

··- ·-- .................. ....
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CN lesions.
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interaction was not significant.
,/

An SPF-4.42 analysis of variance with lesion groups as
the between subjects variable and generalization stimuli and
two blocks of 6days each as the within subjects variable
was performed on errors during generalization trials in
generalization testing.

These data are shown in Figure 4.

Lesion groups did not differ.

Significant differences were

found for both blocks of days (F = 14.89, df = 1/36, p

< .05),

with fewer errors during the second block, and generalization
stimuli (F

=

3.09, df

=

3/108, p <.OS), with increasing

errors as the generalization stimuli were further removed
from the training stimuli in brightness (G 1 to G4 ).
the interactions was significant.

None of

Paired comparisons of

the generalization st'imuli using Tukey' s honestly significant difference test showed a significant difference between
G and G4 (q = 6.07, df = 4/108, p
1
on G •
4

< .05),

with more errors

No other pairwise comparisons were significant.

A

test for trend on the four sets of generalization stimuli
/

showed that there was a significant linear increase in
errors from G1 to G4 (Flin

= 15.47,

df

=

108, p ~ .05).

departure from linearity was not significant.

The

Animals

.as a group performed, however, at better than chance on all
four generalization pairs.

Using the binomial probability

distribution, out of 480 choices on each pair, the number
of correct responses was significantly better than chance
at the .01 level (G

1

= 346, G

2

=

325, G = 322, G = 302).
3
4
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DISCUSSION
The finding that frontally lesioned subjects do not
differ in the learning of initial discrimination supports
previous studies in which there was no impairment of
frontally lesioned groups on discrimination problems of
comparable design (Pribram and Mishkin, 1956; Hannon, Bader,
and Lancaster, 1973).

The failure to find a significant

difference in errors between groups on generalization
learning, however, is more difficult to understand.

There

are two reasonable hypotheses as to why the expected results
did not occur.

The first is that frontal and caudate

lesions in rats do· not impair ability to generalize a
brightness discrimination at all.

The sec.ond is that the

generalization stimuli were too easy to discriminate and
thus produced a "ceiling" effect.

Although the rats in the

present study made increasing errors as the stimuli were
further removed from the training stimuli, the total number
/

of correct responses for all generalization pairs was
significantly better than chance level.

It is plausible

that stimuli more difficult to differentiate might have
led to significant results.
The major implication of this study is

t~at

more work

should be done in the area of frontal dysfunctioning.
Further studies are needed to clarify the nature of frontal
impairment and verify the definition of prefrontal cortex
in the rat.

20

REFERENCES
Albert, M., & Bignami, G.

Effects of frontal, median

cortical, and caudate lesions on two-way avoidance
learning in the rat.

1,

Physiology and Behavior, 1968,

141-14 7.

Andrew, G., & Harlow, H. F.

Performance of macaque monkeys

on a test of the concept of generalized triangularity.
Comparative Psychology Monographs, 1948, 19, 1-20.
Brush, E.

s.,

Mishkin, M., & Rosvold, H. E.

Effects of

object preferences and aversions on discrimination
learning in monkeys.

Journal of Comparative and Physic-

logical Psychology, 1961, 54, 319-325 •
. Chiappo, L. H.

The .noetic-perceptive configuration test and

impairment of the abstract attitude in brain-injured
patient.

Journal of Individual Psychology, 1959, 15,

93-99.
/

Clark, L. W. ,

&

Boggon, R. H.

On the connect ion of the

medial cell groups of the thalamus.

Brain, 1933, 56,

83-98.
Dabrowska, J.

Reversal learning in frontal rats.

· Neurobiologica Experentias (Warsaw),
Dabrowska, J.
~

~964a,

·Acta
24, 19-26.

Multiple reversal learning in frontal rats.

Neurobiologica Experentias (Warsaw), 1964b, 24

99-102.

21

Davison, M., & Hannon (Weber),

R~

Effects of two types of

frontal lesion on reversal learning and activity in
rats.

Paper presented at Southwestern Psychological

Association Convention, 1972.
Divac, I.
rat.

Frontal lobe system and spatial reversal in the
Neuropsychologia, 1971, 9, 175-183.

Divac, I., Rosvold., & Szwarcbart, M.

~ehavioral

selective ablation of the caudate nucleus.

effects of
Journal of

Comparative and Physiological Psychology, 1967, §l,
184-190.
Evarts, E. V.,

&

Nissen, H. W.

Test of "the abstract atti-

tude" in chimpanzees following ablation of prefrontal
cortex.

Archives of Neurological Psychiatry, 1953,

69, 323-331 •
. Fife, D. D., &

Kamb~ck,

c.

M.

Stimulus equivalence reactions

in monkeys with lesions of the dorsolateral frontal
cortex.
Finan, J. L.

Personal communication.
Effects of frontal lobe lesions on temporally

/

organized behavior in monkeys.
physiology, 1939,
French, G. M.

£,

Journal of Neuro-

208-226.

Locomotor effects of regional ablations of

frontal cortex in rhesus monkeys.

tive and Physiological Psychology, 1959,
French, G. M.

£! Compara2£, 18-24.

Journal

'

Spatial discontiguity in monkeys with lesions

of the frontal cortex.

Science, 1962, 135, 728-729.

22
French, G. M., & Harlow, H. F.

Locomotor reaction decrement

in normal and brain-damaged monkeys.

Journal of

Comparative and Physiological Psychology, 1955, 48,
496-501.
Goldstein, K.

The significance of the frontal lobes for

mental performance.

Journal of Neurology and Psycho-

pathology, 1936, 17, 27-40.
Goldstein, K., & Scheerer, M.

Abstract and concrete behavior:

An experimental study with special tests.

Psychological

Monographs, 1941, 53, (Whole No. 239).
Grandine, L., & Harlow, H. F.

Generalization of the char-

acteristics of a single learned stimulus by monkeys.
Journal

2f

Comparative and Physiological Psychology,

1948, 41, 327-331.
Hannon, R., & Bader, A.

A comparison of frontal pole, anterior

median and caudate nucleus lesions in the rat.
and Behavior, 1974, 13,
Hannon, R., Bader, A.,
/

of lesions on
in rats.

&

Physiology

513-521~

Lancaster, J.

delayed-respons~

Effects of two types

and reversal learning

Paper presented at the Western Psychological

Association Convention, Anaheim, California, 1973.
Harlow, H. R., & Dagnon, J.

Problem solution by monkeys

following bilateral removal of prefrontal areas.

II.

Discrimination and discrimination-reversal problems.
Journal of Experimental Psychology, 1943, 32, 351-356.
Harlow, H. F., Davis, R. T., Settlage, P. H., & Meyer, D. R. ·
Analysis of frontal and posterior association syndromes
in brain-damaged monkeys.

Journal of Comparative and

23

.

-

Physiological Psychology, 1952, 45, 419-429.
Harlow, H. F., & Poch,

s.

Discrimination generalization

by macaque monkeys to unidimensional and multidimensional stimuli.

Journal of Comparative and Physic-

logical Psychology, 1945, 38, 353-365.
Harvard University Computation Lab Staff.

Tables of

~

Cumulative Binomial Probability Distribution.
Cambridge, Mass.:
Isaac,

w.,

Harvard University Press, 1955.

& DeVito, J. L.

Effect of sensory stimulation

on the activity of normal and prefrontal lobectomized
monkeys.

Journal of Comparative and Physiological

Psychology, 1958, 51, 172-174.
Jacobsen,

c.

F.

primates.

Functions of frontal association area in
Archives of Neurological Psychiatry, 1935,

33, 558-569.
Kirk, R. E.

Experimental design:

Procedures for the
(

behavioral sciences •. Belmont, Calif.:

Wadsworth

Publishing Co., 1968.
/

Kirkby, R. J.

Caudate nucleus lesions and perseverative

behavior.
Krieg, W. J.

s.

Physiology and Behavior, 1969, 4, 451-454.
Connections of the cerebral cortex.

The albino rat extrinsic connections.

I.

Journal of

Comparative Neurology, 1947, 86, 267-394.
Lashley, K.
brain.
67-122.

s.

Thalamocortical connections of the rat

Journal of Comparative Neurology, 1941, 75,

24

w.,

Leary, R.
P. H.

Harlow, H. F., Greenwood, D. D., & Settlage,

Performance on double alternation problems by

normal and brain-injured monkeys.

Journal of Compara-

tive and Physiological Psychology, 1952, 45, 576-584.

c.

Leonard,

W.

The prefrontal cortex of the rat.

I.

Cortical projection of the mediodorsal nucleus.

Brain

Research, 1969, 12, 321-343.
Lukaszewska, I.

Frontal rats and some visual tasks.

Acta

Neurobiologica Experentias (Warsaw), 1970, 30, 33-42.

w.

Mikulas,

L.

Effects of choice point lights on T-maze

performance by caudate lesioned rats.

Psychonomic

Science, 1969, 15, 132-133.
Miles, R.

c.,

& Blomquist, A. J.

Frontal lesions and

behavioral deficits in monkeys.

Journal of Neuro-

Ehysiology, 1960, 23, 471-484.
Mishkin, M., Prockop, E.

s., & Rosvold,

H. E.

One-trial

object-discrimination learning in monkeys· with frontal
lesions.
/

Journal of Comparative and Physiological

Psychology, 1962, 55, 178-181.
Mishkin, M., & Rosvold, H. E.

Object and place discrim-

ination reversal in monkeys with frontal lesions.
Unpublished manuscript.
Parker,

c.

E.

Discrimination reversal learning by cortically

lesioned rats.

(Doctoral dissertation, University of

California, Los Angeles) , Ann Arbor, Michigan:
sity Microfilms, 1967, no. 67-6187.

Univer-

25

.

Pribram, K. H., & Mishkin, M.
frontal lesions in monkey:

Analysis of the effects of
III.

Object alternation.

Journal of Comparative and Physiological Psychology,
1956, 49, 41-45.
Pribram, K. H., Mishkin, M., Rosvold, H. E., &

Kap~an,

s.

J.

Effects on delayed-response performance of lesiohs of
dorsolateral and ventromedial frontal cortex of baboons.
Journal

2f

Comparative and Physiological Psychology, 1952,

.45, 565-5 75.
Reitan, R. M.
damage:

Impairment of abstraction ability in brain
Quantitative versus qualitative changes.

Journal of Psychology, 1959, 48, 97-102.
Riopelle, A. J., & Churukian, G. A.

The effect of varying

the intertrial interval in discrimination learning by
normal and brain-operated monkeys.

Journal of Campara-

tive and Physiological Psychology, 1958, 51, 119-125.
Rose, J. E.,· & Woolsey,

c.

N.

The

orbitofront~l

cortex and

its connections with the mediodorsal nucleus in rabbit,
/

sheep and cat.

Research Publications of the Association

of Nervous and Mental Diseases, 1948,
Rosvold, H. E.

~,

210-232.

The prefrontal cortex and caudate nucleus:

a System for effecting correction in response mechanisms.
In

c.

Rupp (Ed.) Mind as a Tissue.

& Row, 1968.

New York:

Harper

26

Settlage,· P. H., Zable, M.,

Harlow, H. F.

&

Problem solution

by monkeys following bilateral removal of the prefrontal
areas.

VI.

Performance on tests requiring contra-

dictory reactions to similar and to identical stimuli.
Journal of Experimental Psychology, 1948, 38, 50-65.
Spaet, T., & Harlow, H. F.

Problem solution by monkeys

following bilateral removal of the prefrontal areas.
II.

Delayed reaction problems involving use of the

matching-from-sample method.

Journal of Experimental
.-:-

Psychology, 1943,
Warren, J. M.
~rnal

1£,

424-434.

Discrimination reversal learning by cats.
of Genetic Psychology, 1960, ·97, 317-327.

Warren, J. M., & Harlow, H. F.

Discrimination learning by

normal and brain-operated monkeys.

Journal of Genetic

Psycholoqy, 1952a, 81, 45-52.
Warren, J. M., & Harlow, H. F.

Learned discrimination

performance by monkeys after prolonged recovery from
large cortical lesions.

~rnal

£f

Comparative and

/

Physiological Psychology, 1952b, 45, 119-126.
Winocur, G.

6

& Mills, J. A.

avoidance behavior in rats.
~Physiological

Zimmermann, R. R.
monkey.

.

Effects of caudate lesions on
Journal of Comparative

Psychology, 1969,

~'

552-557.

Form generalization in the infant

Journal

~

Comparative and Physiological

Psychology, 1962, 55, 918-921.

